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CHAPTER I 


BOLT HEADING MACHINES 

The bolt and nut industry in America started In a very small way in 
Marion, Conn., in 1818. In that year Ml cab Rugg, a country black¬ 
smith, made holts by the forging process. The first machine used for 
this purpose was a device known as a heading block, which was 
operated by a foot treadle and a connecting lever* The connecting 
lever held the blank while it was being driven down into the im¬ 
pression in the heading block by a hammer. The square iron from 
which the bolt was made was first rounded, so that it could be ad¬ 
mitted into the block. At first Rugg only made bolts to order, and 
charged at the rate of sixteen cents a piece* This industry developed 
very slowly until 1839, w r hen Rugg went into partnership with Martin 
Barnes; together they built the first exclusive bolt and nut factory 
in the United States in Marlon, Conn. The bolt and nut industry 
was started in England In 1838 by Thomas Oliver, of Darlston, Staf¬ 
fordshire. His machine was built on a somewhat different plan from 
that of Rugg’s, but no doubt was a further development of the first 
machine; Olivers machine was known as the "English Oliver." 

As is generally the case with a new industry, the methods and ma¬ 
chines used were very carefully guarded from the public, and this 
characteristic seems to have follow'ed this Industry down to the pres¬ 
ent time, judging by the scarcity of information available on the 
subject. Some idea of the methods which were at first employed to 
retain all information in the factory in which it was originated is well 
brought out by the following Instance: In 1842, when the industry 
was beginning to be generally known, it is stated that a Mr. Clark, 
who at that time owmed a bolt and nut factory in New England, and 
had devised a special machine for use in this manufacture, had his 
forging machine located in a room separated from the furnaces by a 
thick wall. A hole was cut through this w^all, and the man who 
operated the machine received the heated bars from the furnace 
through the small hole in the wall. The only person w’ho ever got a 
glimpse of the machine was the operator* The forge man was not 
permitted to enter the room. 

Machine forging, as w T e know It to*day, is of wdde application, em¬ 
bracing a large number of machines and processes that apply, in a 
measure, to almost any manufacturing plant Machine parts hitherto 
made from castings are now" made much more economically by the 
use of the drop-hammer or forging machine, and give much more 
satisfactory service. 

Typos of Machines 

Upsetting and heading machines are divided Into tw"o gen^ 
namely, stop-motion and continuous-motion headers* T! 
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BOLT HEADING MACHINES 5 

headers have the greatest range, and are primarily used for heading 
holts and for all kinds of upset forgings. The continuous-motion 
headers are used only for heading rivets, carriage holts and short 
lengths of hexagon- and square-head machine bolts; they produce these 
parts at a much faster rate than is possible with a stop-motion header, 
but their range of work is limited. The universal practice Is to shear 
the bars cold when working a stop-motion header, and only In special 
cases, when the shank of the headed piece Is very short, is the side 
shear used. 

Rivets, etc,, forged in the continuous-motion header, are made by the 
process known as "off the bar;” that la, a bar is heated for a distance 
of approximately four feet, and Is then pushed into the machine 
where the moving die acts as a shear and cuts off the blank. The 



Fig, 2 . Ajmx Bolt Holding Machine itduMe for all Types *f 

Machine Bolts And Upset Forging* 

latter is Immediately gripped against the stationary die, whereupon 
It is headed and ejected. This whole cycle of movements is accom¬ 
plished in one revolution of the flywheel. 

Operation of Plain Bolt and Rivet Machines 
Briefly stated, a plain bolt and rivet machine comprises two grip¬ 
ping dies, one movable and the other stationary, and a rani which 
carries the heading tool. The heated bar is placed in the impression 
in the stationary gripping die, and against the gage stop; the ma¬ 
chine is then operated by pressing down the foot treadle shown in 
front of the machine in Fig. 2, As already mentioned, the stock is 
generally cut to the desired length before loading on this type of 
machine, especially when it Is long enough to b* *^*«vmlpntly gripped 
wdth the tongs; hut it can he beaded first e I cut off to the 
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desired length in the side shear. It is also possible, In some makes 
of machines, to insert a cutting tool to cut off the blank before head¬ 
ing, when the work is not greater in length than the capacity of the 
machine. 

There are several methods used in making bolts and rivets in a 
regular forging machine. In Fig. 3 is shown a diagrammatical view 



Fig-. 3. Plain Type rf Bolt Forging D.es oi Univorsal Application. 
Fig. 4. Single-blow Rivet Dies. Fig. 5. Double-deck Three-blow Dios 


<>f a set of forging (lies which have a very wide range of application. 
In this type of dies the head on the bolt is formed by rotating the 
l.ar between tin* gripping dies after each blow of the plunger. For a 
square-headed bolt, the bar is turned twice through a space of 90 
d "roes, and is generally given two or more blows in each position. 
A l:exagon-head bolt usually requires at least six blows to complete one 
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First Step in the Production of Bolt Head* in Pluin Forging 

Diet of the Typo shown in Fig. 1 Fig, 7* Second Step in the Production of Bolt Hoidj 
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bolt and the shape of the head depends to a large extent on the skill 
of the operator* The wide range of work, however, which can be 
handled in dies of this type, makes them of almost universal applica¬ 
tion, especially in a railroad shop* 

Fig* 4 shows a set of single-blow rivet dies which are used In a 
continuous-motion rivet header, and Illustrates how these dies are 
operated in the making of a rivet in one blow. The heated stock is 
fed In and cut off to the exact length by a shear A; It is gripped 



Fif* EL Third Step in the Production of Bolt Heads 


between dies B and C while being cut off. Tool Z>* held in the rani 
of the machine, then advances, upsetting the head to the shape shown, 
whereupon the movable die backs out, allowing the formed rivet to 
drop out and the bar to be inserted to the stop, ready for the next 
piece. The type of bolt heading tool Illustrated In Fig. 5 Is known 
as a double-deck three-Mow' bolt die; Its use and operation will be 
explained later. 


[ 
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Successive Steps In Heading Bolts 

Figs* 6* 7 and 8 show the successive steps followed in the forging 
of a hexagon-head holt in the type of bolt forging dies illustrated 
In Fig* 3* Bar A* which Is heated for a portion of its length* is 
placed in the impression In the stationary gripping die B t as shown 
In Fig* 6, and Is gaged to length by the lifting stop C, The machine 
is then operated, and the movable die D closes in on the bar, gripping 
it rigidly. The stop now rises, and, as the ram of the machine ad¬ 
vances* the plunger E upsets the end of the bolt, the blocks F and G 
forming a flat on each side of the upset end. The operator keeps his 
foot on the treadle* and as the movable die backs out* he rotates the 
rod one-sixth of a turn. This operation is repeated until the head 
has been correctly formed. The operator now removes his foot from 



Fix- a Hc»dlnp Bolts in a 2-in eh Aju Forging Machine in the 
1. a. & M, S, KstiwAy Shops 


the treadle, stopping the operation of the machine* when the dies 
remain In the open position, allowing him to remove the completed 
bolt as shown in Fig, 7. This view show's the stop down and the 
dies open ready for the rod to be inserted again, while Fig. 8 shows 
the dies open and the plunger on Its return stroke* 

Fig, 9 shows how T the furnace and forging machine are arranged 
for making bolts and machine forgings In a Cleveland railroad shop. 
The bars in this case are long enough to he gripped with the tongs, 
and are therefore cut off to the desired length in a power shear before 
heading. From the power shear the bars are brought to the heating 
furnace, in the truck shawm to the right in the illustration* where 
one end of the bars is heated to the desired temperature* This fur¬ 
nace is heated by oil and Is placed as close to the forging machine 
as possible. The man who attends to the h* -f the stock places 
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the rods in a row, and as soon as the end 10 be headed reaches the 
proper temperature, he quickly removes the heated bar and passes 
it to the forging machine operator, who Immediately places it between 
the dies, operates the machine, and forms the head. In this particular 
example the bolt Is 1% inch in diameter by 12 inches long, and Is 
formed in three blows in double-deck dies of the type illustrated in 
Fig, 11, The dies and heading tool are kept cold by means of a 
constant stream of water. As soon as the bolt is headed it is thrown 



FI*. 10, View looking- down Into tke Die Space of an Ajai Bolt 
Forging Mfcckteu 


in the truck to the left, which is used for conveying the holts to the 
threading machines. 

Fig. lb shows a view looking down into the die space of the "Ajax M 
bolt header, from which an idea of the relation between the working 
members can be obtained. The back stop A is used for locating the 
bar in the correct position. This stop is sometimes used instead of 
the swinging stop B , This view also shows how the gripping dies 
are held in the die space; a heel plate fastened to the frame of the 
machine and to the movable die-slide by studs and nuts, carries 
set-screws which bear down on the die blocks, holding them tightly 
ia the die space. 
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Types of Bolt Header Diea 

Fig* II shows a type of bolt heading dies known as double-deck 
three-blow bolt dies, which are used for finishing hexagon-head bolts* 
The two gripping dies A and B. as a rule, are made from blocks of 
tire steel; each gripping die is made from three pieces to facilitate 
machining. The lower header punch C is cupped out to form a hexa¬ 
gon, and is held in the heading tool-holder which is attached to the 
ram of the machine. The upper punch D is held in the same manner 
as the lower heading punch, and forces the bolt into the hexagon 
impression in the dies after it has been roughly formed in the lower 
impression. This type of die produces a bolt free from fins and burrs, 
and accurate as regards size and shape. The bolt is given one blow 
in the lower position and then raised to the upper die impression, 
where It is generally given two blows* 

A combination set of double-deck gripping dies for making square- 
and hexagon-head bolts is shown in Fig. 12, The construction of these 



Fiff, 11, Type of Double-deck Dlei used in producing Bolt Hernia 
without Fine or Bujrra in Three Blows 


dies is similar to that of the dies shown in Fig. 11, with the exception 
that these dies can be used for making both square* and hexagon* 
head bolts. The punches for forming the hexagon* and square-head 
bolts are shown at the right and left, respectively, A general Idea 
of the class of w + ork turned out in a bolt and rivet header may be 
obtained from Fig. 13* 

Construction of National Wedge-grip Bolt and Rivet Header 
Fig, 14 stums a view of a two-inch National wedge-grip bolt and 
rivet header which is used for making bolts, rivets and miscellaneous 
forgings. There are a number of interesting features connected with 
this machine, one of which is the wedge-grip and automatic relief 
mechanism. In < Mid rivet header it is necessary that 

the w'ork h® tnpressiou in the gripping dies 

and not Both of these dies must come 
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tightly together, and are made to do so by the mechanism of the 
machine; therefore any foreign body preventing the correct movement 
of these dies would cause trouble by breaking the machine* if no 
special means to safeguard against this were provided. Various 



Fig. 12. C'cnibination Square and He&ngon Double-dock Bolt Diem 

methods have been used, however, for obviating this difficulty* one 
of which Is the application of a shearing pin In the movable gripping 
die slide, which, when the foreign body is placed between the dies. 



FI;. 13. Some- Examples of Work turned out on National Wedne-grip 
Bolt and Rivet Header 


Is sheared off without causing auy damage to the machine. Another 
method, which is a special feature of the National wedge-grip header, 
is a spring relief, tchich throws the entire gripping mechanism out 
of action should the stock or any foreign body be caught accidentally 
between the dies and prevent them from dosing. The action of thiJ 
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relief Is indicated in Figs* 15 to 17* In Fig* 15 the gripping dies are 
shown closed and the relief mechanism does not operate* In Fig* 16, 
the gripping dies are shown open and the ram is at its extreme back¬ 
ward stroke, while in Fig* 17 the dies are open, but with the ram at 
the forward end of the stroke* The latter view show T s Tvhat happens 
when a foreign body is caught between the gripping dies and prevents 
them from dosing* 

The relief mechanism consists of a spring plunger A, the front end 
of which Is beveled, and w^hich is kept in the "out" position by a 
coiled spring. This plunger, as Indicated In Fig* 16* presses against 
an angular projection on the movable gripping slide* Now when a 
foreign body comes between the gripping dies and prevents them 



Fi;, 14. XwQ-mcb K*Uon*i Wcdgra-Biip Boh and fiivot Headm 


from closing, this spring plunger is forced back and the toggle joint 
operating the wedge-gripping slide remains stationary; this allows the 
dies to remain open, although the ram completes its full forw-ard 
travel. This relief w ill operate up to the time the dies are closed, but 
w T hen the dies are closed, the gripping pressure Is positive* 

An important feature of this machine is the wedge-grip for the 
movable slide. This consists of a elide B to which the toggle lever 
la attached, ami w hich is moved back and forth by the latter through 
the movement of the ^wujcsbaft The forward end of slide B is 
beveled and form* la] backing when the gripping slide C is 

In the forward * Hp— when du- di-an- ■ d. This 

means of lr l* during the heading op-ratiim pre¬ 
vents any r i b*- slide and causes an > v> i pp -urn 










I 



u ad IT. 2X*fnmi illuatratlnf Construction and Operation of National Wedfe-frip Bolt and BlTOt Header* 
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to be exerted over the entire working surface of the dies. The station¬ 
ary die D and movable die E are set so that their working faces 
merely touch, and the rigidity of the grip prevents any spring* so 
that the work can be produced without fins and burrs. By not having 
to set the dies ahead, the pounding or battering and premature wear¬ 
ing out of the dies is prevented. 

Fig. 18 shows more clearly how the movable and stationary dies are 
retained in the die space, and how they are hacked up by steel liners. 
From an inspection of this illustration it will be seen that with this 



Fig. IS, Seciian through Die Box of the National Wedge-grip 
Boh Mid Rivet Header 

sliding wedge mechanism It is practically impossible for the dies to 
give or spring w hen in operation on the work. 

Hammer Typo of Bolt Header 

In the type of bolt and rivet making machines so far described, the 
head is formed by hitting the heated bar on the end and forcing it Into 
suitably shaped Impressions in the gripping dies. In the following, 
attention will he given to a type of holt heading machine in which 
the end of the bar is first upset and the head then formed to the 
desired shape by the combined action of the upsetting punch and 
hammer dies operating from all four sides. 

In the hammer type of bolt header, shown In Figs, 19, 20 and 21, 
the head of the bolt is formed by an end-working upsetting punch and 
four hammers which are operated from all four sides at right angles 
bolt. In operation, the heated blank, which lias 
length, is placed in a seat (when the bolt Is 
^ommodaterU and between the gripping dies, 
the adjustable stop A. Then by a move* 
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meat of the hand-lever C* the dies (one of which is shown at B in 
Ft21 > are closed and the machine Is started. The stock is not 
moved during the forging operation, but is kept up against the adjust- 


Fia% IB, Type of Binitn«r Header itmdfc by th& National Machinery 
Co,, Tiffin. Ohio 




FI*- 30. View of Hummer Header ohowitii Both Dripping Diet 
removed, and One Die Hanger 


able stop, and the gripping dies are not opened until the head is com¬ 
pletely formed. From three to five blows are struck* depending upon 
the size of the bolt and the finish desired* whereupon the machine is 
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stopped and the dies are opened by operating the hand-lever, allowing 
the finished work to drop from the machine. The side-forming ham¬ 
mers ZJ, Fig. 20, give two blows to every blow struck by the head¬ 
ing tool E and the vertical hammers F. 



Fig, 21. View of Himnisr Header showing Left-hand Die Hanger 
removed, and One Gripping Die in Place 



Fig, 22. Type of Diet, Hammers and Heading Tool need in the 
Hammer Typo of Holt Header eh own in Fig, 1ft 


The lLjdnch slae of this type of hammer header Is provided with 
two hand controlling levers, as shown in Figs, 20 and 2L One of these 
levers operate** the arms carrying the gripping dies, and the other 
operates for starting and stopping tln j machine. On the 

smaller lues, one lever controls both of these move- 
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ments. • Fig. 20 shows one of these hammer headers with the grip¬ 
ping dies and the left-hand gripping die hanger removed; this view 
also shows clearly the upsetting punch and the four forming ham- 


TABLB I. PROPORTIONS OF U. S. STANDARD AND MANU7AOTURBR8* 
STANDARD HBXAOON AND SQUARB BBAD BOLTS AND APPROXI- 
HATB AMOUNT 07 STOCK RBQUIRBD TO 70RM WWATl 



mere. Fig. 21 shows the same machine with one of the gripping dies 
in place, but with the left-hand gripping die hanger removed. The 
tools used in this machine are more clearly illustrated in Fig. 22 ; 
the various members are denoted with the same reference letters ms 
used in connection with the description of the machine. For making a 
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square-headed bolt, the side-working hammers, of course, are of the 
same shape as the vertical hammers. 

The type of hammer header illustrated In Figs. 19, 20 and 21 is 
limited in its scope to the production of square, hexagon and tee¬ 
headed bolts as shown in Fig. 23. These, however, can be produced 
in large quantities at a low cost, and what is more important, the 
product is entirely free from fins and burrs, and is shaped as ac¬ 
curately as is possible by the forging method. The fact, however, 
that it takes longer to change the dies from one size to another in this 
type of machine militates against its installation in preference to the 



Ffj, 23. flame Example* of Work produced In National Hmnuner Header* 


other types of twit headers, where frequent changes In the sizes of 
dies are necessary. 

Stock Required for Bolt Heads 

In forming a head on a bolt or rivet, the heated metal on the end 
of the bar is upset or formed into the desired shape by a plunger held 
in The ram of the forging machine. To produce the head requires con¬ 
siderably more metal than the thickness of the head—because of the 
increase in diameter—and hence it is necessary to allow a certain 
amount of excess stock to form the head. Table 1 gives proportions 
of U, S, standard and Manufacturers' standard hexagon and square 
bolt heads, and also the approximate amount of stock required to 
form the head—this information being listed in Goitimus "C" and 
H F. M The excess amount of stock given is not dose 

enough for starting the machine, as the stop 
justed to suit 











CHAPTER II 


CONTINUOUS-MOTION BOLT AND RIVET HEADERS 

Continuous-motion bolt and rivet headers are made in two types* 
one being hand-fed and the other provided with an automatic roll 
feed. A machine of the hand-fed type is shown in Fig. 24. In operat¬ 
ing this type of machine, the bar, which has been heated for a length 
of four or five feet, is fed through a shear in the faceplate block of 
the machine, and as the movable gripping die closes on the bar, a 
blank o£ the required length is cut off and held rigidly ill the grip¬ 
ping dies. The head is then formed by the forward movement of the 



Fifr. £4. Continuous, mot ion Wedfe-grip Bolt and Hi vet Header 
built by the NutionoJ Mac Ilia cry Co. 


ram which carries the heading tool. After heading, the ram of the 
machine recedes, the gripping dies open, and a kicker, actuated by a 
connecting-rod c from a cam on the main shaft, ejects the finished 
work from the dies, depositing it, through a chute, Into a box. As 
the dies open, the operator again pushes in the heated bar until It 
strikes the stop, and as the movable die advances, another blank is 
cut off and headed as before. The machine runs continuously until 
the heated portion of the bar has been exhausted, when the operator 
takes a newly heated bar from the furnace and proceeds as before. 

A bolt or rivet made in a machine of this type receives only one 
blow, and, therefore, for work within the capacity of this mnchl 
the production is greatly increased over that obtained from the pi 
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type of forging machine. One of the chief requisites in a machine of 
the continuous-motion type is that of securing a rigid grip on tho 
work white the head is being formed. If the grip Is not satisfactory, 
lhat is, if the dies separate, it causes the shank of the holt or rivet 
to become tapered or out of round, and also results in fins being 
produced on the shank and under the head. Furthermore, unless the 
machine is provided with suitable slides which can be kept in proper 
alignment, It is difficult to secure work on w'hlch the heads are cen¬ 
trally located with the shanks, and also to keep the shear and movable 
die in correct w orking relation. 

The type of tools used in the bolt and rivet machine of the con- 



Fif. T>®e of DU* *nd Tool* med in the Conti nugURmoUon Bolt 
aaii Rivet Header shown in Tig. 21 


tl minus-motion type fa illustrated in Fig. 25. The two gripping dies 
A and B are held in the die space of the machine by heel clamps as 
shown In Fig. 24. The gripping dies are provided with four Inter¬ 
changeable grooves, so that when one groove wears out, it is only 
necessary to turn the blocks. The heading punch € t which is held 
in the bolder D in the ram of the machine, is cupped out to suit the 
shape of the bolt or rivet head, and is so arranged that it will be in 
perfect alignment with the gripping dies. E is the shearing blade 
which Is held in the faceplate block, and is used In cutting off the 
stock to the ch aired length- The length of the gripping dies is gov¬ 
erned bv till* b rurtl ot the bolt required; they are made shorter than 
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the blank from which the bolt Is made, thus allowing for sufficient 
extra stock to form the head. 

* Continuous-motion Bolt and Elvet Header with Automatic Feed 

Fig. 26 shows a continuous-motion bolt and rivet header furnished 
with a roll feed attachment, which consists of four rollers provided with 
suitably shaped grooves in their peripheries. This view shows the 
roller feed attachment swung back out of the way in order to exhibit 
the dies and tools. This machine is similar to the one shown in Fig. 
24, with the exception of the roll feed attachment for handling the 
bars automatically. The tools used are shown in Fig. 27, together 



Fig. 26, Continiicuts-motion Bolt and Kivot Header built by the Ajax 
Kfg, Co., Cleveland, equipped with noil Fted Attachment 


with an example of work produced in them. The shearing die A, 
in this case, is steel bushed and is circular instead of oblong in shape. 
The gripping dies B and <7 are provided with four grooves each, as 
previously described, but to change the blocks for presenting a new 
groove, they are turned end for end, there being no grooves in the 
top faces. D is a % by 4-inch track bolt; F is the heading tool that 
is held in the ram of the machine. 

A close view looking down into the die space of the machine shown 
in Fig. 26 is illustrated in Fig. 28. This view shows the relative 
positions of the feed rolls, shearing die, gripping dies, etc. The 
heated bar is fed by the rolls F through the guide pipe G, held by 
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bracket H, and through the shearing bushing A. This bushing is 
retained in the faceplate / which Is held in grooves in the machine 
bed. The bar is fed directly through the cut-off bushing A and is 
gaged to length by the swinging stop J (see also Fig. 26). The mov¬ 
able die C then advances, cuts off the blank and carries It into the 


~^1 



Fig. Typo of Diet and Tools used in Bolt tad Rivet Making 

Machine shown in Fig. £6 


groove in the stationary die JS* gripping It while the heading tool (£\ 
Fgi. 26 i advances and upsets the end of the bar, forming the head. 



Fit* 29, View locking down into Die Space of Aja* Catitinuous- 
mption Bolt and Hi vet Header 


The Ktutlonnry and movable gripping dies are held in place by straps* 
and nre located a fitting In grooves in their lower faces. 

The !cn< fled by the travel transmitted b> the rolls 

through l un, which recedes power fr -m the main 

cranki *t)ugrod. ratchet, pawl, gears, ete.. and 

Is ad 11 -ntur* 
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The various steps In the production of a round-head rivet by the 
continuous-motion single-blow bolt and rivet machine, are clearly 
illustrated in the digaram Fig. 29. At A, the feed rolls have operated 
and have fed the heated bar out against the gage stop; at B , the 



Fig. 29. Successive Steps in the Formation of a Hound-head Bint tft 
a Single-blow Rivet Machine of the Continuous-motion 


movable die has advanced, sheared off the end of the ta 
through the shearing bushing), and carried the blank lx 
in the stationary die. When the blank is held rigid! 
words, when the movable die has reached the end ■ 
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movement, the heading tool advances, as shown at C, and upsets the 
end of the bar, forming the head. At D, the movable die and heading 
tool have retreated, the ejector pin (see Fig. £6* has advanced, 
pushing out the completed rivet, and the bar has been fed out again 
ready for a repetition of the operations. 

Some Idea of the methods pursued in the making of bolts and rivets 
by the continuous-motion machine process can be obtained from Fig* 
30, which shows an operator attending to one of these automatic 
machines. The furnace in which the bar is heated (In the condition 
in which it comes from the mill) is located anywhere from 3V& to 4 
feet from the feed rolls of the machine, and is provided In front w ith 
a roller A, over which the heated bar passes. The heating furnace. 



FIs* 30, Aj*i Cflutiuuoua■ motion Bolt and Bivet lUcbluo In Action 
making l^-inch Biveta 

as a rule, is 30 feet long, so that the entire length of a bar can be 

accommodated* 

As soon as the bar in the furnace has reached the proper tempera¬ 
ture, the operator grips it with a pair of tongs, as indicated in Fig. 30, 
draws It out, and places it between the feed rolls. Then he presses 
down the foot-lever R, thus starting the machine. The heated bar is 
then drawn In by the rolls, fed through the cutting-off die, gripped in 
the gripping dies, headed and ejected at the rapid rate of forty to 

„——-i—pg pe r minute. 

'acture of rivets, as a rule, steel containing from fj.lQ 
*arbon is more frequently used than wrought iron, 
material Is used in considerable quantities Iti 
*4bliakments. Wrought iron for making rivets 
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Fir, 31* Nation*! ContIiiuou»-inotIoJi Bolt and Rivet Itekiur Machine equipped 
with Boll Fued and Adjustable Stop Gaea 
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Is heated to almost a white heat, bat steel which contains from 0,10 
to 0,12 per cent carbon la heated to only about 1400 degrees F*—a 
bright red colon When the head of a rivet is so shaped that it Is 
necessary to carry the stock down far into the heading tool, the tem¬ 
perature to which the bar is heated must be increased, In order to 
make the metal flow more readily and prevent buckling. 

In making rivets with long tapered heads, the operator generally 
finds it necessary to change the length of feed, so that a rivet having 
a full head without flash is formed The reason for this is that the 
bars sometimes vary in size and temperature, which makes this ad¬ 
justment necessary. A continuous-motion bolt and rivet making ma* 
chine, which is provided with means for taking care of the fluctua¬ 



nt. 33. Some Examples Wflrk whieli csme wtthtfl the Range of tb* 
Continuous- motion Type of Bolt and Rivet Hem den 


tions in size and temperature of stock, Is shown in Fig, 31. In this 
machine the position of the stop is controlled by a handwheel A, 
within convenient reach of the operator, which he adjusts either way* 
depending upon the size of the bar, temperature of the metal, the 
shape of the part to be produced and the materia! from which it Is 
made. When an over-size bar is encountered, the operator shortens 
the length of feed, as it Is evident that too much stock would other¬ 
wise be supplied. When the bar is under-size, the reverse Is the case. 
Again, when the bar h too hot, it is upset more on the end by the 
rolls forcing It against the stop* e ra»> more metal is provided 

than when the bar is not *• utaMiqueiitly harder. The 

operator watches the pieert ini the machine, and ih n 

adjusts the slop to keep (I rir &s possible— Imvin,c a 

full head and without lUti 
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The feed rolls in the machine shown in Fig. 31 are made of chilled 
iron castings, and are kept cool by water jackets, insuring even tem¬ 
perature and minimum -wear. They are operated from the main-shaft 
of the rolls. The movements of the machine are timed so as to allow 
ment as shown, adjustable for securing variations in the feeding time 
of the rolls. The movements of the machine are timed so as to allow 
the gripping dies to remain open a comparatively large part of the 


TABLE II. DIMENSIONS OF RIVET HEADS 07 VARIOUS BHAPE8 



revolution, thereby allowing more time for the stock to be fed in and 
gaged, and the dies to be well flooded and cooled at the completion of 
each stroke. 

Examples of Continuous-motion Bolt and Rivet Work 
Inasmuch as only one blow can be struck in a continuous-motion 
bolt and rivet making machine, it is impossible to produce parts 
which cannot be completed in one blow. Fig. 33 shows a representa¬ 
tive group of bolts rnd rivets for which the continuous-motion ma¬ 
chines are especially adapted. These machines will also handle a 
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great variety of special work, such as square and hexagon head 
single-blow bolts, track bolts, etc. The cone-shaped rivets A and B 
illustrate the point mentioned in a previous paragraph regarding the 
difficulty encountered In producing work which is carried down far 
into the heading tool. Of course, these are not by any means extreme 
examples, but they serve to illustrate the poirt 

Making Bolt and Rivet Dies 

Bolt dies which are used in a forging machine are as a rule made 
from steel containing from 0,60 to 0.S0 per cent carbon, and are hard¬ 
ened and drawn. The gripping dies are tempered hard, so that the 
sharp corners on the edges of the dies will not wear away rapidly. 
It is customary to harden these dies in either oi! or water, and then 
draw the temper so that a file will Just take hold. The heading tool, 
which is comparatively small In diameter, and is called upon to per¬ 
form heavy duty, must be much tougher than the gripping dies. Or¬ 
dinarily the heading tool is made from a tough steel containing from 
0,40 to 0,50 per cent carbon, and is drawn considerably more than the 
gripping dies. 

In making the Impressions in the gripping dies for heading ordi¬ 
nary sixes of bolts, no allowance is made for the shrinkage of the 
metal. However, in drilling the hole in the dies which grip the stock 
when it is being headed, a liner is placed between the two halves of 
the die, so that when they come together on the stock, the latter will 
be securely held. For dies with a M- to %-inch hole, a liner 1/64 Inch 
thick is placed between the opposing faces, when drilling the hole. 
For holes larger than % Inch and up to 1 inch, a liner 1/32 Inch 
thick is used; for holes from 1 Inch up to IV* inch in diameter, a 
liner 3/64 inch thick is used; and from 1% inch up to and including 
3 Inches in diameter, a liner 1/16 Inch is employed. The double- 
deck type of dies are made from six blocks of steel bolted and keyed 
together to facilitate machining. 

In making bolt and rivet dies which are used in continuous-motion 
machines, it Is customary when making rivets from ^ to 1 Inch tr 
diameter, to use bar stock w'hich is rolled 1/64 inch under-size. The 
dies referred to are shown in Figs. 25 and 27. The holes In the 
gripping dies are drilled to exact size (not 1/64 inch under-size, which 
is the diameter of stock used), and the expansion of the iron in 
heating gives sufficient grip* as It is only necessary to prevent the 
rivets from being pulled out of the dies by the return stroke of the 
heading tool. The reason for this Is that In the continuous-motion 
type of bolt and rivet machine* the work is supported on the sides 
by the gripping dies, and is hacked up by the shear, so that it is prac¬ 
tically held In a box while the head is being formed. The same grade 
of steel is used for making rivet tools as fo* tools for produc¬ 
ing bolts, and the heat-treatment U oli a similar 

manner. 
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Stock Required for Rivet Heads 

In making rivets in a continuous-motion rivet machine, the amount 
of excess stock (X, Table II) required is generally obtained by trial, 
but when definite shapes and proportions of rivet heads have been 
decided upon, the amount of excess stock required can be calculated 
approximately. The great difficulty in giving tables covering the 
amount of excess stock required is that no standard for rivet heads is 
universally followed, with the result that a slight difference in the 
curve or height of the head changes the amount of stock necessary. 
In addition to this, the scale of the furnace, depending upon whether 
gas, oil or coal is used for heating, so changes the amount of stock 
required that a special setting of the stop in different cases is required. 
This is one of the reasons why up-to-date continuous-motion rivet 
making machines are provided with stops which can be adjusted 
while the machine is in motion. It is evident, therefore, that the 
exact amount of stock required is a question of some nicety, and it is 
surprising to what extent even the scaling off in the furnace will 
affect the stock required for the rivet head. What are considered in 
some shops standard shapes and sizes for rivet heads are given in 
Table II. 



CHAPTER III 


NUT FORGING MACHINES 


The plain type of upsetting and forging machine which I & used to a 
certain extent in the manufacture of bolts and rivets, especially the 
larger sixes, is also used for producing the ordinary square and 
hexagon nuts in sizes from 2 Inches up* In making nuts by this 
process, the diameter of the round bar from which the nut is made 
should not exceed the root diameter of the thread in the finished nut, 
bo it Is evident that an extremely large upset Is required to produce a 
full nut When large nuts are produced in a plain forging machine, 
the usual method is first to form an upset on the end of the bar and 
then pierce the hole in the nut by punching the bar back, the metal 
removed to form the hole in the nut being attached to the bar. This 
operation requires considerable pressure, and as little. If any, material 
is wasted, it Is a very successful method of producing nuts 2 inches 
and larger on a commercial basis. In the following, two types of 
machines, especially built to produce square and hexagon nuts, will 
he described* One of these machines Is known ns the hot-pressed 
center-feed nut machine, and the other as the hot-forged type; the 
latter is applicable only to the production of square nuts. 


Hot-preseed Center-feed Nut Machine 
The hot-pressed center-feed nut machine, as its name implies, pro 
duces nuts by pressing a heated blank of iron or steel Into the re¬ 
quired shape, the latter first being cut off as the bar is fed Into the 
machine. The bar stock, which is rectangular in shape. Is fed in 
from the side through a recess in the center of the machine and 
placed in front of the face of the dies. Fig* U shows one type of 
center-feed hot-pressed nut machine that works on the principle just 
stated This machine consists essentially of two movable rams or 
slides which carry the cutting-off, crowning, piercing and wad 
extracting punches, respectively. One ram is operated directly from 
the main crankshaft, while the other Is operated by eccentrics and a 
coimecil ng-rod. 

Fig, 35 shows a detail view of this machfne, and gives some idea of 
the const ruction of the dies, tools, etc. Here .1 Is the cutting-off 
punch. II the crowning punch. C the piercing punch, /> „ lP wad ex¬ 
tractor. E the nut dies, am) F the ejector. Tin- pip., „ rurnUh a 
copious supply of water to keep the dies „ n(! „ * ,t 

operation A device for centering the bar in rc) 

tools Is Shown at H, * nUQ 

Another center-feed hot-pressed nnt tiuic 
hexagon and square nut* in the same mman * 







32 


NO* 113—BOLT, NUT AND HI VET FORGING 


■ 



Fit* $£. Detail Ylrw of Hi chine ahflira, id Tiff. S4 tlou'in^ Di«, PuncL.iag’ 
Pierciaffh Crtiniiaf ToqU, *tc. 



i 















NUT FORGING MACHINES 


33 


34 is shown in Fig. 32. In this machine, however, both rams or slides 
are operated directly from the source of power by a pinion and two 
large gears, one gear driving each slide. The majority of manu¬ 
facturers produce nuts from a material known as soft, mild, open- 
hearth steel, which has a comparatively fine grain, and consequently, 
when forged, has less tendency to crack than does wrought iron. It 
can also be threaded much easier and with a smoother finish than 
wrought iron, owing to the fact that great difficulty is met with in 



rig. 86. Diagram illustrating Sequence of Operations in making Nuts in a 
Hot-pressed Center-feed Nut Machine 


working the latter material, because the grain opens lip, thus mak¬ 
ing it difficult to thread. Wrought iron, however, has one point in its 
favor—it can be worked at a much higher temperature than steel 
without affecting its structure, and hence does not need to be handled 
quite so carefully. 

Operation of a Center-feed Hot-pressed Nut Machine 
In operating a center-feed hot-pressed nut machine, the rectangular 
bar is heated to the correct temperature for a length of four or five 
feet It is then brought to the machine and fed in from the side in 
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front of the face of the main dies, as indicated at A in Fig, 36, The 
cut-off tool c then moves up and shears the blank from the end of the 
bar, carries it into the main dies a and b t and presses It against the 
crowning tool c\ which has also advanced, as indicated at B . The 
piercing tool / now advances, punches the hole In the nut, and carries 
the wad Into the cutting-off tool, as shown at €; then the cutting-off 
and piercing tools c and / recede, and the crowning tool e advances, 
forcing the nut out of the dies. As the cut-off tool e recedes, the 
extractor d forces the wad out of the punch at the same time as the 
nut is ejected from the dies. The ejector, which is operated by a 
lever and cam, as shown iu Fig, 32, is provided to prevent the nut 
from adhering to the crowning tool; this very seldom happens, how¬ 
ever* A completed nut is produced at each revolution of the large 
gears. 

The operations just described are repeated until the heated portion 
of the bar has been used up, after which the operator places the bar 
in the furnace to be re-heated, takes a freshly heated bar from the 
furnace, and proceeds as before. The machine is run continuously, 



FLf. 37. Showing how a HexAffon Nut 1b produced from KectanpulAr 
Bax in a Hot'grossed Nut Machine 


and is not stopped for the insertion of a newly heated bar. Finished 
nuts are turned out at the rate of from 40 to 70 per minute, depending 
upon the size of the machine and the skill of the operator* Fig. 37 
shows how a hexagon nut is produced from a rectangular bar of 
stock In a center-feed hot-pressed nut machine. It will be seen that 
considerable scrap is lost in the production of a nut of hexagon shape, 
vis,, the wad removed to form the hole, and the triangular pieces 
which are removed to form the corners. On a square nut the material 
wasted is not quite so great, as iu this case only the wad and a slight 
amount of stock, sheared off the end of the bar to form a square 
corner, are removed* 

There are two common methods in use in nut forging. One is to 
set the stop so that the rounded corner of the bar is sheared off, leav¬ 
ing a square corner* This, of course, wastes somewhat more stock 
than the other method, yet to he described, but has the advantage of 
producing a perfect nut. The rounded corner is caused by the cut-off 
tool which, in removing the block of metal from the end of the bar 
to form the nut, rounds over the end of the bar, due to the hot metal 
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drawing over, and thus makes this waste of stock necessary if a full* 
shaped nut is to be secured. 

Another method in common use to save stock and at the same time 
produce ft practically full nut, is to invert the bar after each stroke 
of the machine. By this method opposite sides of the bar are alter¬ 
nately presented to the dies, which overcomes, to a large extent, the 
effect of the fin on one side and the rounded corner on the other, and 
produces a full nut without shearing any material from the end of 
the bar. The only objection to this method is the necessity of turn* 
log the bar, which, If heavy, soon tires the operator. On the larger 
sizes of nuts, the first method is used, as the bars are quite heavy 



and the operator would find it difficult to turn them and keep up with 
the operation of the machine. 

Fig, 38 show's a typical group of nuts which can be produced eco¬ 
nomically and on a commercial basis in the center-feed hot-pressed nut 
machine. In this illustration two of the nuts show' fina on the under 
side, both around the outer edges and the hole. This Is caused by 
the sharp edges of the cut-off tool becoming rounded and allow ing the 
hot metal to “leak*' past the edges. The clearance allowed between 
the cut-off punch and dies also tends to produce a alight fin. When 
the tools are new the btxrr or fin produced is very slight, but it in¬ 
creases as the toots wear. These fins are removed in a succeeding 
operation in a burring machine. 


Hot-forged Nut Machine 

Fig, 39 shows a type of nut making machine which Is only applicable 
to the manufacture of square nuts, but produces this class of nuts 
free from fins and burrs at a rapid rate. Nut manufacturers who 
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produce In great quantities are extensive users of this type of ma¬ 
chine, but a concern making a variety of nuts in small quantities 
should not attempt to use it, owing to the delay Incident to changing 
the dies and tools from one size to another. Briefly stated, the ma¬ 
chine consists principally of a suitable mechanism for operating a 
shearing and crowning tool, four horizontal hammers which form the 
four sides of a square nut, and piercing and flattening punches. 
Power is transmitted from pulley A to the two shafts B and C located 
at right angles to each other and connected by miter gears. Shaft 0 
carries eccentrics and cams which operate the left-side hammer and 
sizing tool for gripping the bar while it Is being sheared; and shaft 
B, through cams, levers and eccentrics, operates the blank shearing 
tool, nut ejector, front and rear hammers, piercing punch and flat 
tentng tools. 
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In order to illustrate how this hot-forged nut machine produces square nuts, 
the diagrams shown in Fig. 40 are included. These views show plan and sec¬ 
tional elevations which illustrate the relative positions of the various dies and 
tools, and the stages through which the nut passes before being ejected. In 
operating this machine, rectangular bar stock heated to a length of four or five 
feet is fed into the machine (see D, Fig. 39) along the line CD. The stock is 
equal in width to the diameter of the nut across the flats, and of the same 
thickness as the nut. It is fed into the machine with the greatest width hori¬ 
zontal and is located by the gage O. 

.As the heated bar is fed in, a shearing tool H. operated from the bottom of 
the machine, forces the heated end of the bar against the knife K and cuts off 


Fig. 40. Construction of Tools and Operation of the Hot-forged Type of Hut Machine shown in Fig. 89 










38 NO. 113—BOLT, NUT AND Hi VET FORGING 

a suitable blank; as this tool continues to rise, It presses tbe nut blank 
into tbe crowner cup M f which ie located directly above the shearing 
tool. While the shearing operation Is taking place, the siring tool 
which moves in a line parallel with the side hammer J, holds the bar 
tightly against the stationary sixer K . 

Gripping the bar in this manner tends to give a better shearing cut. 
The shearing tool H is now lowered until its top face is in line with 
the bottom of the side hammer J , and at the same time the kickout X t 
operated through a hole in the crowner M t ejects the nut, preventing 
it from sticking in the cup. The shearing tool now remains in its 
“down* position while the side hammer J carries the nut along line 



_ 


Hf', 41. Samples of Square Nnt» produced on Hot-forced Type of 
Nat Machine—-Note Absence of Surm or Fine 

AB until the center of the nut is in line with EF and directly under 
the piercing punch O. 

As Jhe side hammer J moves the nut blank under the piercing 
punch, the rear hammer P advances and presses the nut into the 
square box formed by the side hammer J , rear hammer P t stationary 
hammer R and front hammer Q . This tends to square up the sides 
of the nut and form It to the proper shape. While In this position* 
the punch 0 pierces the bole in the nut, forcing the wad through the 
die V t and immediately withdraws. The rear hammer P and side 
hammer / then return to their original positions, and the front ham* 
mer Q moves the nut back to the flatter bed T , which Is located di¬ 
rectly under the rear hammer P. While the But is located on the 
flatter bed, the flattening tool t7, which is over the rear hammer, 
comes down onto the nut, gives It a slight squeeze, which corrects any 
distortion of the top and bottom faces caused by the squeezes between 
the four hammers previously described, and also serves to flatten any 


4 
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fins resulting from the piercing operation. The flattening tool U 
then rises, and the flatter bed T withdraws, allowing the finished 
nut to drop out of the machine. A completed nut is made at each 
revolution of the flywheel, and the machine Is operated at from 60 to 
90 revolutions per minute, depending upon Its siae. 

Some .Idea of the character of the work turned out by the hot- 
forged nut machine can be obtained from Fig. 41, which shows a 
representative group of square nuts just as they come from the ma¬ 
chine* The nuts produced by these machines are entirely free from 
fins or burrs, are of excellent finish, and are ready for tapping di¬ 
rectly after being forged. 

Dios and Tools Used tn Eot-preEGod Center-feed Nut Machines 

The type of dies and tools used in the hot-pressed center-feed nut 
machine shown in Fig* 32 is shown in Fig* 42* The reference letters 



Fiff. 42. Type of Dina and Tool* uted ill nid-kinp Helicon Nut* in 
Centor-fved Hot-protted Nut Machine shown in Fig* 32 


used here are the same as those in Fig. 36. The dies a and b, which 
are reversible, are usually made from chilled iron castings, and are 
ground to size. Dies made from this material. It is claimed, will last 
fully eight times as long as those made from ordinary carbon steel, 
but as it is somewhat of a problem to get the proper amount of “chill," 
many manufacturers are using a good grade of open-hearth steel in¬ 
stead* A crucible steel which bas been found to give good results 
for this class of werk contains from 0*90 to 110 per cent carbon. 
Some nut manufacturers have found that a certain grade of vanadium 
alloy steel having a carbon content of from 0,15 to 0.30 per cent 





_ 
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gives excellent results when used for nut dies. In all cases, 
of course, it is necessary to harden the dies, and those made from 
crucible tool steel are hardened and drawn so that they can just be 
touched with the file, or in other words, the temper is drawn to a 
light straw color. 

The composition of vanadium steel used for dies varies. Two grades 
of vanadium tool steel are recommended for forging machine dies by 
the American Vanadium Co., of Pittsburg, Pa. One is composed of 
carbon, 0.50 per cent; chromium, 0.80 to 1.10 per cent; manganese, 
0.40 to 0.60 per cent; vanadium, not less than 0.16 per cent; silicon, not 
more than 0.20 per cent 

The heat-treatment recommended for this steel is as follows: Heat 
to 1550 degrees F. and quench in oil; then reheat to from 1425 to 1450 
degrees F., and quench in water, submerging the face of the die only. 





C 




B 

■ 

A 




D 







^ tachinery^ 

Fig:. 43. Type of Dies used in making Square Nuts in Machine of the 
Type shown in Fig. 82 

When this method is used, the die is drawn by the heat remaining in 
the body and is thus tempered, and the life of the die increased. 

The second kind of vanadium tool steel recommended has the follow¬ 
ing analysis: Carbon, 0.65 to 0.75 per cent; manganese, 0.40 to 0.60 
per cent; vanadium, not less than 0.16 per cent; silicon, not more than 
0.20 per cent The heat-treatment for this steel should be as follows: 
Heat to 1525 degrees F. and quench in water with the face of the die 
only submerged. 

The length of life of vanadium steel dies is stated to be about six 
times the life of dies made from ordinary high-carbon tool steel. 

The cut-off tool c is generally made from ordinary carbon tool steel, 
hardened and drawn. Some attempts have been made to use high¬ 
speed steel for this tool, but as this material is rather expensive, and 
as this particular tool wears away very rapidly, a cheaper brand of 
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steel is generally adopted. The piercing tool / when made from “Rex 
A” high-speed steel has been found very satisfactory for hot punch¬ 
ing. The crowning tool e and wad extractor d can be made from 
ordinary carbon tool steel, hardened and drawn. 

In order that the tools in a center-feed hot-pressed nut machine 
may work freely, it is necessary to provide a certain amount of 
clearance, especially between the cut-off tool, crowning tool and dies. 
On nuts from % to 2 inches in diameter (this is the size of the bolt 
for which the nut is used), 1/64 inch clearance is allowed. On sizes 
smaller than % inch, 0.010 inch clearance is allowed, whereas for 
tools used in making nuts larger than 2 inches, a clearance of from 
0.020 to 0.060 inch is provided. The hole formed by the junction 
of the two halves of the dies is made prefectly straight, but the 
piercing tool is slightly tapered—being smaller at the front end. 
This enables it to withdraw more easily from the hole in the nut, 
and also increases its life. It is evident, of course, that after the 
hole is punched in the nut, the chilling effect of the dies (which 
are kept cool by water flowing over them) tends to “freeze” the 
nut onto the piercing tool, but the slight taper on the piercing tool 
prevents this. 

There is no allowance made in the hole of the nut to provide for 
shrinkage, as the holes regularly punched in nuts are made consider¬ 
ably larger than the root diameter of the threads on the tap. The 
nuts can then be more easily tapped, and the percentage of tap break¬ 
ages is reduced. 

In Fig. 43 is shown the shape of the dies used for making square 
nuts in a center-feed hot-pressed nut machine. It will be seen that 
these dies are made in four pieces, and it is possible to raise or lower 
the outside blocks A and B, so that new cutting edges are secured. 
In addition to this the top and bottom dies C and D can be reserved, 
and also the two side pieces, thus giving long life for one redressing 
of the dies. As a rule, this type of dies is made from ordinary crucible 
tool steel containing from 0.90 to 1.00 per cent carbon, hardened and 
drawn, and ground all over. 

Dies and Tools Used in Hot-forged Nut Machines 

The four hammers used in the hot-forged nut machines are made 
from rectangular blocks of steel, shaped as shown in Fig. 40. The 
rear, front and stationary hammers are made wider than the nut, 
but of approximately the same thickness, and the front and rear 
hammers are rounded on the forward corners, to facilitate the in¬ 
sertion of the nut The side hammer, which carries the nut into 
the “box-shaped impression” formed by all four hammers, is of the 
same width and thickness as the nut. The crowner, flatter tool and 
the four hammer blocks are all made from ordinary crucible 
steel, hardened and drawn, whereas the shearing tool and piercing 
punch and die are usually made from high-speed steel. The brand 
of steel known as “Rex A” has been found very satisfactory for this 



TABLE III. PROPORTIONS OF U. S. STANDARD AND MANUFACTURERS’ STANDARD HEXAGON AND SQUARE NUTS AND 8IZES 
OF RECTANGULAR STOCK REQUIRED TO PRODUCE THEM. (See notation on illustration on opposite pare.) 
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purpose. The tools used in the hot-forged nnt machine do not wear 
out nearly so quickly as those used in the hot-pressed type of ma¬ 
chine, owing to the fact that there is not the same scraping action 
against the surfaces of the tools. 

Sizes of Rectangular Stock Used in Square and Hexagon Nuts 

In making nuts in center-feed hot-pressed nut machines of the 
types shown in Figs. 34 and 35, rectangular bar stock as shown in 
Fig. 37 is used. To allow for upsetting the stock slightly and press¬ 
ing, it into the desired shape, a rectangular bar is used which is 
slightly thicker than the finished nut, and slightly less in width than 
the diameter of the nut across the flats. As explained in a previous 
paragraph, in order to produce a perfectly shaped nut it is necessary 
to waste a certain amount of stock as indicated at a and b in Fig. 44. 
The amount of stock wasted depends upon the size of the nut and to a 



Fig. 44. Proportions of Standard Hexagon and Square Nuts; 
see Table on Opposite Page 


slight extent upon the temperature at which the bar is being worked. 

In producing a hexagon nut, only the front triangular corner is 
rounded (owing to the drawing over of the hot metal), whereas on 
a square nut, the entire front corner of the nut is rounded. A con¬ 
siderable saving of metal can be effected by turning the bar after 
each stroke of the machine, thus presenting opposite faces of the 
bar to the dies, as was previously explained. This can easily be 
done in making the smaller size of nuts where the bar does not 
exceed 40 to 80 pounds in weight. For large nuts, instead of turn¬ 
ing the bar, a small amount of stock is wasted, as indicated at a and 
b in Fig. 44, which varies from 1/16 to H inch, depending upon the 
size of the nut. 

The hot-forged type of nut-making machine shown in Fig. 39 has 
the advantage over the center-feed hot-pressed machine of not w asting 
any stock. The hot-forged nut machine, however, is only suitable for 
the manufacture of square nuts, and is only used w r here this type of 
nut is made in large quantities. 
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Kinks—brief, concise little contributions which contain ideas of 
value to the man in the shop or at the drafting table. 

The mechanical engineer, machine designer and draftsman are 
also well provided for in Machinery. Every number contains 
articles on the theory and practice of machine design, on the 
properties of materials, and on labor-saving methods and systems. 
There are reviews of research work in the mechanical field f 
valuable results of carefully made experiments are recorded, and 
the world's progress in every held of mechanical endeavor is 
closely watched. 

One of the most valuable features is the four-page monthly 
Data Sheet Supplement printed on strong m anil a paper. These 
Data Sheets contain high-grade, condensed mechanical data, 
covering machine design, machine operation and kindred subjects. 
They are the cream of mechanical information. 




Ho. ft, Boiler*. 

He. flft. Boil** Ftiraacaa and Chimney*. 

Ho. GO. Foed V*t« Appliances* 

Ho. 7ft. Steam Engina*. 

Ho. 71. Steam Turbin 

No. 71. Pumps, CoftdoHwm, Steam and Water 

P1|U)|. 

LOCOMOTIVE DESIGN AND RAILWAY SHOP 
PRACTICE 

Ho. 17. Locomotive Daiign, But L 
Ho. £S t EocotiioUve Design, But II. 

Ho, V9, Locomotive Doalgit, Fart III. 

Ho, 30. Loco in oti to Doif^n. Part IV. 

Ho, 70, Locomotive Building. — Main and 8id« 

RwU* 

Ho. 60. Locomotive- Building,—Wheels; Ante*; 
Driving Bgiii, 

No, 01. Lcccmotlvii Building- — Cylinder* and 
Florae** 

Ho. Sli Locomotive Building,—Valve Motion* 

Ho. SB. Locomotive Building.—-Bn lire Shop Prac¬ 
tice* 

Ho. H. Locomotive Building,*—Erecting. 

Ho. HO, Railway Repair Shop Fin® (let. 

E LE CT Rl CIT T —D YN AM OS AHD MOTORS 

Ho. It, Care and Espa!* of Dynamo* and Motor*. 
Ho. 73, filed pic* and Application* of Sactilcitf. 

—ItUtic Electricity, Electric*! Msaiure- 
in out* j BatUHoa, 

Ho. 74* Principles and Application* of Electricity. 

—-Magma am; EteetricMagneliim EUe- 

tr*JwInt» 

Ho. T4, Principle* and Application* of Electricity, 
—Dyaauioi j, Motor!. Elactiio Railway*. 
Ho. 71, Principle* and ApplleiU&ni of Eleetriaty* 
—Telegraph and Telephone. 

Ho. 77, Prlndptwt and A p plication* of Electricity. 
—Elootric; Lighting. 

H*. 78. Fried pl*« and Application a of Electricity, 
—Tran uni a ilon of Fewtf, 

Ho 111. Hue trie Motor Drive for Machine Tool*. 


HEATING AHD VENTILATION 

No. 81, Fan*. Ventilation and Heating, 

Ho. €4. Heat in# and Ventilation of Shop* and 
Often. 

IRON AHD STEEL 
He, 31, Iron and Stool, 

Ho. 61. Hardncaa anil Durability To* Line of 
Metals* 

Ho, lit, High-speed and Carbon Toot St«d* 

Ho. Ill, Alloy SUda 

FORGING 

Ho. €4. Machine Blacksmitkiug. 

Ho. 41, Drop Forelag, 

Ho. SL Bladtimith Shop Practice. 

Ho. 113. Bolt, Hut and Rivet Forging. 

Ha. 11*. Machine Forging. 

Ho. III. Cold Heading, 

MECHANICAL DRAWING AND DRAFTING- 
ROOM PRACTICE 

Ho, ft. Drafting-Room Practice. 

Ho, ft. Working Drawings and Drafting-Boom 

Zmki , 

Ho, It, System* and Practice of the Drafting- 

Room. 

Ho. ift. v*nL*aIcil Drawing.—Geemetrfca) Prob* 
lama* 

Ho. 84 Mechanical Drawing.—Projection. 

He. 87. Mechanic*! Drawing.—Machine Detail*. 
No. 33. Mechanical Drawing.—Machine Detail*, 

DIE-CASTING 

No, 108, Die-Ousting Machinei, 

Ho, lOf, Dio-Catting, Biel and Methedi* 

MISCELLANEOUS 

Ho. IB, Table* and Formula* for Shop amt Draft¬ 
ing-Room. 

No. UO. Extrusion of Metals, 


MACEJNEBY’S DATA BOOKS 

Mach j xeu y *b Data Beaks lndtiiie tke material In the well-known series of Data 
Sheets published by Machinery during the past fifteen years. Of these Data Sheets* 
nearly TOO were published and 7*000,000 copies sold* Revised and greatly amplified, 
they arc now presented in book farm, kindred subjects grouped together. The price 

of each book te 25 cents tone shilling) delivered anywhere in the world. 


Mo* I, Straw Thraad*, 


LIST OF MACHINBRY’8 DATA BOOKS 
N*. 11. 


No>. f. Straw*, Balts and Hut*. 

Hu* I, Tap* and Die*. 

Ho. 4 Reamer#, Socket*, Drills and Milling Cut¬ 
ter*, 

Ho* ft. Spur Gearing. 

Ho. ft. 8«nt Spirt l and Warm Gearing. 

Ho, 7* Shifting, K«y» and Key**?«. 

Ho* i. Bearing*, Coupling*, Clutch**, Crene 
Chain and Hooka. 

Ho. ft* Spring*, Slid## mutt Mivhin? Detail* \ 
No, IA Motor AN**, 8pt>*d* and Feed*, Chn, 
Gmring, mod Borin# Bars. 


Killing Machine- lode ring, Clam plug De¬ 
vice* and Planer Jacks, 

Ha* U, Pip* and Pipe Fitting*, 

No, 1ft, Boiler* and Chimney*, 

No* 14 Locomotive and Railway Data* 

Ho* 1ft* Steam and Gat Engine*. 

Ho, 16. Mathematical Table** 

No, 37- Mechanic* and Stre&v&L tA 
No, 18, Beam Tww&Va* aud 
No, tft. Balt, Rope atvA 

Ho. 8ft. Wiring TftamSUk 1 

L Uaa and IftfcwiKtafcttiw- *“ 











A REFERENCE BOOK ON MACHINE 
DESIGN AND SHOP PRACTICE FOR 
THE MECHANICAL ENGINEER, 
DRAFTSMAN, TOOLMAKER AND 
MACHINIST, 


MACHINERY’S 

HANDBOOK 


For MACHINE SHOP 
AND DRAFTING-ROOM 



MA<?trorcBT*s Handbook comprises nearly 1400 pages of carefully edited and 
condensed data relating to the theory and practice of the machine-building 
industries. It Is the first and only complete handbook devoted exclusively to 
the metal-working field, and contains In compact and condensed form tho 
information and data collected by Machinery during the past twenty years. 
It ts the one essential book In a library of mechanical literature* because It 
contains all that Is of Importance In the teacbhooka and treatises on mechanical 
engineering practice. Price |6,00, 


GENERAL CONTENTS 


Mathematical table*—Principal method* and formula* in Arithmetic And algebra— 
X-ogfcrllbnii and logarithm It' table*—Ar*a* and volume*—Solution of triuglaa MiJ 
trig one metrical tablet—Ge ometric a* prepetition* Ud problems—Merhonlnt-— Strength of 
material*—Eivetlmg and, riveted joint*—Strength and properties of tttel wire—Strength 
and properties of wire roj>6—Fontmlaj and tablei for spring deitgn—TortioDal itmigth 
—Shafting—Friction—Plain, roller and tall bearings—-K>y* and kuyway*—Clutch** and 
coupling*—Friction, fcrakcit—Cam*. cam d otign and cam milling—Spur glaring— 
goarlng—Spiral goofing—Herringbone gearing—Warm goarm*—EplojaUo glaring—Baiting 
and rop* driTts—Traaiinl salon chain and chain drive*— Crane chain—Dire fusion* af »mxil 
machine detail*— Speed* and feed* of machine tool*—Shrinkage and fore# fit allowance*— 
Meaiunng toot* and gaging methods—Change gear* for spiral milling— Hilling machine 
Indexing—Jig* and fixtures—Grinding and grinding wheel*—Strew thread *yu?m* and 
thread gage*—Taps and threading die*—Milling cutters—Beameri, count*!bore* and 
twlft drill*—Heat-treatment af ated—Hardening, case harden lug* anna* ling-Yce ting tin 
hardnet* of in eUli—Foundry and pattern «hcp information—The welding of 
Autogenous welding—Thermit welding—Machine welding— B1 nekirntth *hej* tnfotmilioo 
—Hie calling—Extrusion process—Soldering and brazing—Etching and etching fluid*— 
Coloring metal*—Machinery found a ti one—Application of motor* to machine tool*—Dynamo 
and motor troubles—Weights and maaturei—Metric ryatettv—Convenient table*—Specific 
gravity—Weigh t* of raxUrtala— Heat—Pneumatics—Water pressure and flow of water- 
pipe* and piping—X»u let and com on t*—Patent*, 


Machinery, (he leading journal in the machine-building field, the originator 
ot the 25-ceut Reference and Data Books, Published monthly. Subscription. 
*2.00 yearly. Foreign subscript ion, $3.00. 
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Furaaoea «nd Chimneys* 

V»Ur Af'pli •!!<*«.. 

SiflAd 

Turblnaa* 

Coniif St* am and WsUr 


DESIGN AND RAILWAY shop 
PRACTICE 

Design. Pun X. 

Design, Part 31* 

Design, Part m. 
i Olive Duties* Pert XT. 
lOtiva Bundine* — Mi in and Aida 
u 

letivt Building. — Wheels; Anlra; 
ing B«c S . 

toil vo Building* — Cylinders and 


Building- 

Building*- 


-Valve Motion* 
—Boiler Shop Ptac- 


KEATLNu JOT VENTILATION 

No, IB. Fat;i, VoatiUuoiv and Heating* 

No* 116* Heating and Vcfitilatlen of Shop* tad 
MONi 

IRON AND STEEL 
No. 36. Iron and SteeL 

No* dt. Hardness and Durability Tciting of 
Metals. 

No. 117* High-speed and Caibon Toni Stool* 

No. III. All*? Stool*. 

FOBGlN G 

No* 44* Machine Blackamithing. 

No, 4£. Drop Forging, 

No. 61. Blackamhh Shop Practice. 

No* IIS. Bolt, Nut and Rivet Forging, 

No. ili* Machine Forging, 

No, US. Paid Heading, 

MECHANICAL DRAWING AND DRAFTING- 
ROOM PRACTICE 


lotifo Building.—Erecting, 

ay Repair Shop Practice, 

TY—DYNAMOS AND MOTORS 

Repair of Dynamo* and Mot ora. 
and Applications of EUctririty. 
Electricity; Electrical Mrasitr*- 
Battalias, 

and Application* of Electricity* 
Elvctrie-Magnetism; Elto 

s and Application* of Bwlrictty, 
; Motor* i Rluctzie IaUviii* 
i and April tali on* of Electr j.Uj, 
1 Telephone, 

>Tf* and Applications of Etoutririty* 
lighting. 

l Application* of Electricity, 
of Power* 

Motor Drive for Machine Tool*. 



No* 8, Drafting-Room Frantic*. 

Ns. 6* Working Drawing* and Drafting-Room 
Ninka. 

No. £S. By item* and Practice of the Drafting* 
Room, 

No, il. Mechanical Drawing*—Geometrical Prob* 
terns. 

Ns. S6* Mechanical Drawing,—Projection. 

No, 17, Mechanical Drawing*—Machine Detail*. 

No. IS. Mechanical Drawing.—Machine Do tail*. 

DIE-CASTING 

No* 101* Die- Casting Machine*, 

No* 109. Die-Coating, Dies and Methods. 

miscellaneous 

No* 36. Tahlet and Formula* for Shop and Draft¬ 
ing-Room, 

No, til, Extrusion of Me tali. 


MACHINEBY'S DATA BOOKS 

Y*e Data Becks include the material la the well-known series of Bata 
shed by Machinery during the past fifteen years. Of these Data Sheets, 
pcro published and 7,000,000 copies sold* Revised and greatly amplified, 
w presented in bank form, kindred subjects grouped together* The price 
Is 26 cents (one shilling) delivered anywhere in the world. 


LIST OF MACHINERY’S DATA BOOKS 


Tkada 

I. Bolt* and Nut*, 
and Dio*. 

era. Socket*, Drill* and Milling Cut- 


Bplral and Worm Gearing, 
og, Key* and Key way t. 
g*. Coupling*. Clutch ca, Crane 

t&d Bunks, 

ft* 811 , 1*1 and Machine Details, 
Drive, Speeds and Feeds, Chang* 
lag, and Boring Bara. 


Mining Machine Indexing, Clamping Ds- 
ricu and Planar Jacks, 

Pipe and Pipe Fittings. 

Boilers and Chimneys, 

LocomeUfft and Railway Data, 

Steam and Gu Engine!, 

Mathematical Tables, 

Mechanics and Strength of Materials, 
Beam Formula* and Structural Design, 
Belt, Rope and Chain Drives. 

Wiring Diagrams* Heating and Vantlla- 
Uua and Miscellaneous Table*, 
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15* 
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No. 

14. 
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No* 
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MACHINERY'S REFERENCE BOOKS 

Tlits book ia one of a remarkably successful series of 25-cent Reference Books 
listed below. These books were originated by Machinery and comprise a complete 
working library of mechanical literature, each book cohering one subject. The price 
of each hook Is 25 cents (one shilling) delivered anywhere in the world* 

CLASSIFIED LIST OF EEFB^ENC^! BOOKS 


GENERAL MACHINE BHQF PRACTICE 

No* 7. Lathe mud planer Tools* 

No* 10. Example s of Mag hi no Shop Practice 
No, 16. Deep Hole Drilling. 

Ho* M * fitiew Thread Cutting, 

No* 41* FUm ud Filing, 

He* 40. Principles and Practice of Assembling 
Machine Tools, Port I* 

Ho* 41* Principles and Practice of Assembling 
Machine Toots, Pert II* 

No* 47* McUl Spinning* 

No. 4p, Mach In el, Tools end Ha fired a of Auto- 
mobile Manufacture* 

No* 11* Operation of Machine Tool*,—The lathe,, 
Fart I. 

No. Of. Operation of Machine Tools.—'The Lathe* 
Fart II* 

No. 82, Operation of Machine Toots. — Planer, 
Shaper* Blotter, 

No* 04* Operation of Machine Tools,-*—Drilling Ma¬ 
chines, 

No, 95, Operation of Machine Tools.—Boring Ms* 
chiuei. 

No* 06. Operation of Machine Tools,—Mining HA* 
chinee, Part I. 

No. 07* Operation of Machine Tools .—Mi Ilia g Ma- 1 
chines* Fart 11. 

No, 93, Operation of Machine Tools,—Grinding 
Machines. 

No, 114* Manufacture of Steel BalU. 

No, 120. Albert and Work Holding Device*. 

TOOLMAKINQ 
No, SI* Measuring Tools* 

No, 41* Screw Thread Tools and Oagea* 

No, 44* Gage Making and Lapping. 

No. 147. Drop Forging Dies and Hi# Sinking* 

HARDENING AND TEMPERING 
No. 46* Hardening and Tempering. 

No, 84* Heat-treatment of Steel, 

JIGS AND FIXTURES 

No. 3 Drill Jigs, 

No. 4, Milling Fixtures* 

No. 41* Jig* and Fixtures Fart I. 

No, 12* Jigi amt Fixtures, Part II. 

No, 43 Jigs and Fixture!, Part III. 

PUNCH AND DIE WORK 
No. 4. Punch and Die Work, 

No. 13. Blanking Diet* 

He, 28. Modem Punch and Die Construction* 

AUTOMATIC SCREW MACHINE WORK 

No. 20. Operation of Brown A Sharpe Automat Jo 
Screw Machines. 

No* 100. Designing and Cutting Cams for the Au¬ 
tomatic Screw Machine. 


No, 14L Circular Forming and Cutoff Tools fer 
Automatic: Screw Machinei* 

No* 102, External Cutting Tools for Automat I* 
Screw Machinal, 

No. 103. Internal Cutting Tools for Automatic 
Screw Machines. 

No, 104, Threading Operations on Auto&stis 
Screw Machines, * 

No. 104. Knurling Ope rati on a on Automatic Scree 
Machines* 

No, 104. Cruet Drilling, Burring and Blotting Op¬ 
erations on Automatic Screw Macktatt 

SHOP CALCULATIONS 

No. 18* Shop Arithmetic for the Machinist. 

No, 63. Advanced Shop Arithmetic for the Ms* 

q bluish* 

No* 6S* The Use of logarithm*—Compute Leg* 
arithmifl Tables* 

No, 44* Be ly lion of Triangles, Part L 
No. fifi r Solution of Triangles. Part H* 

THEORETICAL MECHANICS 
No. 4* First Principles of TheorstlosJ Mechanics. 
No. 19* Use of Formulas in Mechanic!, 

GEARING 

No, 1, Worm Gearing, 

No, 14* Spur Gearing, 

No. 20* Spiral Gearing, 

No, 17* Bevel Gearing. 

GENERAL MACHINE DESIGN 

No* 9* Designing and Cutting Cams* 

No. 11. Bearings* 

No. 17, Strength of Cylinder** 

No. 22. Calculation of Elements Of Machine D* 

sign. 

No* £4* Examples of Calculating Designs 
No. 49. Flywheels* 

No. 68, Ball Bearings. 

No. 68, Helical and Elliptic Spring!* 

No, 6$. The Theory of Shrinkage and Foread FUa, 

MACHINE TOOL DESIGN 
No* 14, Details of Machine Tool Design* 

No. 18. Machine Tool Drives, 

No* 111, Lathe Bed Design* 

No* 112, Machine Stops, Trips and Looking P^ 
Vices. 

CRANE DESIGN 

No, S3, Theory of Crano Design. 

No. 47. Electric Overhead Cruet* 

No, 49, Girders for Elactrio Overhead OrsJMa 

STEAM AND GAS ENGINES 

Formulas and Constant* for Gat Eagta* 

Daiign. 


No. 68. 

SEE INSIDE RACE COWER FOR ADDITIONAL TITLES 







